Background/Objectives: There are other benefits of vitamin D than those for bone health. To determine the association of serum 25-hydroxy vitamin D (25(OH)D) concentrations in newborns with acute lower respiratory infection (ALRI) and without clinical signs of rickets, and their mothers. The design comprises a hospital-based case-control study. Subjects/Methods: The study group consisted of 25 newborns with ALRI who were admitted to neonatal intensive care unit and their mothers. Controls were 15 healthy newborns of the same age as the study group and their mothers. A commercial radioimmunoassay was used to measure 25(OH)D concentrations in serum for assessing vitamin D status. Results: The two groups were similar in gestational week, birth weight, birth height, head circumference, age and gender. The mean serum 25(OH)D concentrations in the study group newborns were lower than those of the control group (9.12±8.88 ng/ml and 16.33 ± 13.42 ng/ml, respectively) (P ¼ 0.011). Also, mean serum 25(OH)D concentrations in the mothers of the study group were lower than those in the mothers of the control group (13.38±16.81 ng/ml and 22.79±16.93 ng/ml respectively) (P ¼ 0.012). In 87.5% of all newborns and 67.5% of all mothers, serum 25(OH)D concentrations were lower than 20 ng/ml. The 25(OH)D concentrations of newborns were highly correlated with mothers' serum 25(OH)D concentrations. Conclusions: Our findings suggest that newborns with subclinical vitamin D deficiency may have an increased risk of suffering from ALRI. The strong positive correlation between newborns' and mothers' 25(OH)D concentrations shows that adequate vitamin D supplementation of mothers should be emphasized during pregnancy especially in winter months.
Introduction
Vitamin D is a steroid hormone essential for calcium homeostasis and maintenance of bone health (De Luca, 2004) . There are also other benefits of vitamin D that have been reported . Vitamin D deficiency and decreased exposure to solar UVB radiation have been demonstrated to increase the risks of many common cancers, type I diabetes, rheumatoid arthritis and multiple sclerosis, and there are indications that they may be associated with type II diabetes (Holick, 2004; Hanley and Davison, 2005; Cantorna, 2006; Valdivielso and Fernandez, 2006) . Furthermore, vitamin D is known to play a role in the human antimicrobial response (Cannell et al., 2006; Liu et al., 2006) and pulmonary function (Black and Scragg, 2005) . Vitamin D deficiency is known to cause rickets and there are a lot of studies showing the correlation between rickets and acute lower respiratory infection (ALRI) in children (Muhe et al., 1997; Najada et al., 2004) . However, Wayse et al. (2004) were the first to find an association of subclinical 25-hydroxy vitamin D (25(OH)D) deficiency and ALRI in nonrachitic children. ALRI is also a serious infection during newborn period because it is usually part of the sepsis (Schelonka et al., 2005; World Health Report, 2005; Barnett and Klein, 2006) . Nevertheless, we have not found any study that has investigated the subclinical vitamin D deficiency in newborns (first 28 day of life) with sepsis or ALRI and without clinical signs of rickets. This study, therefore, aimed to determine the serum 25(OH)D concentrations in newborns with ALRI and without clinical signs of rickets, and in their mothers.
Subjects and methods
This study has been conducted in S¸is¸li Etfal Teaching and Research Hospital, Istanbul, Turkey, during January-April 2005. All participants were residents in Istanbul area, which is located at 41.01N. The study group consisted of 0-30 days of newborns with ALRI who are admitted to neonatal intensive care unit with their mothers. Those newborns with stigmata of chromosomal abnormalities were not included in this study. The ALRI diagnosis was made by clinical, radiographic and biochemical findings (Schelonka et al., 2005; World Health Report, 2005; Barnett and Klein, 2006) . Controls were healthy newborns of the same age as the study group. They were newborns who come to outpatients' service for immunization.
A questionnaire was prepared to obtain information such as newborns' date of birth, parents' age and year of education level, socioeconomic status, mothers' head cover, whether the mother had attended the prenatal clinic and/or used supplements during current pregnancy, and number of siblings. It was assumed that mothers who had continuously taken supplements during the last trimester of pregnancy had sufficient amount of supplements. In our country recommendation for vitamin D in the pregnancy is 400 IU per day and there are multivitamin supplements with vitamin D3 form. In addition, the milk and diary products are not fortified with vitamin D. Newborn's gestational age, birth weight, birth height and birth head circumference were elicited from health records brought by parents. Also recorded was whether the newborns were breastfeeding or not, and the number of days the newborns stayed at the neonatal intensive care unit (NICU).
Venous blood specimens were collected from both cases and controls, and their mothers. The serum samples were stored at À20 1C and protected from direct exposure to sunlight until the analysis. For the quantitative determination of 25(OH)D concentrations in the serum samples, a commercially available 25-hydroxy vitamin D3 RIA (specific radioimmunoassay) kit (BIOSOURCE Catalog No.KIP1961, Nivelles, Belgium) was used according to the instructions provided by the manufacturer. All the determinations were performed in the Istanbul University Cardiology Institute Laboratory. Two quality control samples were included in each assay series and the specimens and controls were assayed in duplicates. Two different cutoff levels were used in this study in order to categorize 25(OH)D concentrations as normal or deficient. The first level was 10 ng/ml as suggested by the kit manufacturers, and the second level (which is possibly more appropriate) was 20 ng/ml as suggested by the last consensus of scientific understanding of vitamin D deficiency Hollis, 2005) . The study was approved by the Institution's Ethics Committee, and informed consent was obtained from the study participants.
The statistical analysis of the data has been conducted using the SPSS software, version 10.0 for Windows. The clinical and anthropometric parameters of the study population were expressed by using mean and s.d. The differences between mean values of study and control groups were compared using w 2 -test, Mann-Whitney U-test and Student's t-test. A P-value of 0.05 or less was considered as statistically significant. Pearson correlation analysis was used to determine the relationships between variables.
Results

Newborns' characteristics
In this study, 25 (16 boys, 9 girls) cases and 15 (6 boys, 9 girls) controls were involved. There was no significant difference in postnatal mean age between case and control groups (10.9 ± 9.2 day and 5.6 ± 2.06 day, respectively, P ¼ 0.234). All were in-term born babies. The anthropometric characteristics of newborns are shown in Table 1 . As the table shows, there is no significant statistical difference between study and control groups in gestational week, birth weight, birth height, head circumference and age. All newborns were exclusively breast-fed. The Ministry of Health of Turkey provides free 400 IU per day vitamin D3 supplementation for all infants at the first year of life since 2005. However, none of them had taken vitamin D supplement yet. Lastly, the ALRI group newborns were hospitalized for treatment 8.77±2.66 days in average.
Parents' characteristics
Data about parents (maternal and paternal age, education), and number of sibling are shown in Table 2 . As the table indicates there were no statistical differences between maternal age, paternal age and education, and sibling number between the two groups. However, there was a difference in mothers' education levels as the table shows. Vitamin D and acute lower respiratory infection in newborn G Karatekin et al
The mothers of control newborns have statistically a higher level education than the mothers of ALRI newborns. As Table 2 shows, prenatal clinic attendance records of mothers were similar in control and study groups. Table 2 also shows that only 40% of control mothers and 20% of study group mothers have taken sufficient amounts of prenatal vitamin/ mineral supplement. All mothers belonged to low-middle socioeconomic class and the percentage of mothers with head covers were similar in the two groups.
Biochemical test results
The mean serum 25(OH)D concentrations in the study group newborns were lower than those of the control group (9.12 ± 8.88 ng/ml and 16.33 ± 13.42 ng/ml, respectively, P ¼ 0.011). Also mean serum 25(OH)D concentrations in the mothers of the study group were lower in the mothers of the control group (13.38 ± 16.81 ng/ml and 22.79 ± 16.93 ng/ml, respectively, P ¼ 0.012). The mothers who took vitamin D sufficiently in pregnancy, have higher serum 25(OH)D concentrations than mothers who took it insufficiently or did not take it at all (P ¼ 0.001). The 25(OH)D concentrations of newborns were highly correlated with mothers' serum levels (r ¼ 0.79, Po0.05) in the study group. The correlation between 25(OH)D concentrations in newborns and their mothers in control group is also considerable (r ¼ 0.53; Po0.05).
By 10 ng/ml cutoff for 25(OH)D concentrations deficiency the data shows that 62.5% of newborns and 52.5% of mothers had vitamin D deficiency (Table 3) . On the other hand, if 20 ng/ml is taken as the cutoff for 25(OH)D concentrations deficiency (as suggested by the last consensus of scientific understanding of vitamin D deficiency), 87.5% of all newborns and 67.5% of all mothers had serum 25(OH)D concentrations deficiency (Table 3 ). The most newborns who have the serum 25(OH)D o 10 ng/ml (OR: 4.25; 95% CI 1.058-17.070; P ¼ 0.041 ) were more likely to develop ALRI, but this was not the case for 25(OH)D o 20 ng/ml (OR: 1.83; 95% CI ,319-10,529; P ¼ 0.497). Table 3 gives the distribution of vitamin D deficiency among the groups in more detail.
Discussion
The main finding of the study is that serum 25(OH)D concentrations in newborns with ALRI (study group) were lower than those of the healthy newborns (control group) and most newborns who have the serum 25(OH)D o 10 ng/ml were more likely to develop ALRI. The study also showed that the mean 25(OH)D concentrations in mothers of the study group were lower than those of the control group. Furthermore, it was found that 25(OH)D concentrations of newborns are highly correlated with 25(OH)D concentrations of their mothers in both the study and control groups.
These findings are important because they show that newborns with vitamin D deficiency may have an increased risk of suffering from ALRI, and the ALRI is common cause of morbidity and mortality in newborn period, especially in developing countries (Monto and Lehmann, 1998; World Health Report, 2005; Barnett and Klein, 2006) . Some of recent studies also show that adequate concentrations of the vitamin D stimulates genetic expression of antimicrobial peptides in human monocytes, neutrophils and other human cell lines (Wang et al., 2004; Gombart et al., 2005; Ustianowski et al., 2005; Cannell et al., 2006; Liu et al., 2006) . Also, adult patients with higher concentrations of vitamin D have significantly better lung function compared to patients with lower concentrations of vitamin D (Black and Scragg, 2005) . Hence, the main implication of the study is that decreasing the vitamin D deficiency in newborns may reduce their morbidity risk. This study is one of the first studies that investigated the relation between serum 25(OH)D The study also shows that the newborns with ALRI are hospitalized for about eight days on the average in NICU. This indicates the economic burden due to vitamin D deficiency in newborns on family and community. This economic burden is a short term one. Considering that vitamin D deficiency can lead to chronic diseases in long term, the economic burden of vitamin D deficiency in long term would be much more (Holick, 2004; Hanley and Davison, 2005; Cantorna, 2006; Valdivielso and Fernandez, 2006) . Studies are needed in this direction as well.
Similar to other investigations, the blood 25(OH)D concentrations in the neonates correlated well with the maternal 25(OH)D concentrations (Bodnar et al., 2007; Lee et al., 2007) . The strong correlation between 25(OH)D concentrations in newborns and their mothers in both groups indicates that adequate vitamin D intake for mothers should be emphasized during pregnancy and lactation (Hollis and Wagner, 2004; Specker, 2004; Dawodu et al., 2005; Hollis and Wagner, 2006; Javaid et al., 2006) . The last finding of the study, which shows that 25(OH)D concentrations were deficient in mothers of both groups (study and control group), has important public health implications in our country (Hatun et al., 2005) . Also, despite the numerous preventive and therapeutic strategies, this is consistent with the observations from all over the world, even with those in developed countries (Weiler et al., 2005; Bodnar et al., 2007; Lee et al., 2007) .
The most appropriate dose and timing of maternal vitamin D intake during pregnancy to maintain adequate levels in mother and fetus is not known. Supplementation with more than 400 IU per day vitamin D (using different doses such as 1000 IU per day, 2000 IU per day or more in different control groups) in pregnancy and follow up with assessment are necessary to find out the appropriate dose and timing in different latitudes.
Note that this study has been conducted during the winter months. Since it is known that vitamin D concentrations show seasonal variation, conducting similar studies in different seasons, especially in autumn, will further generalize the results of the study (Webb et al., 1988; Gannage-Yared et al., 2000; Webb, 2006; Bodnar et al., 2007) . Conducting similar studies with larger groups in ALRI or sepsis during newborn period will also help to generalize the results of the study.
In conclusion, our findings suggest that subclinical vitamin D deficiency in newborns may increase their risk of suffering from ALRI. Also, the 25(OH)D concentrations in newborns with ALRI are highly correlated with the 25(OH)D concentrations of their mothers. The deficiency of 25(OH)D in mothers suggested that Vitamin D intake of 400 IU during pregnancy, especially in the winter months, is not adequate. The supplementation with more than 400 IU per day in pregnancy and follow up remain areas of study for achieving adequate levels of vitamin D in mothers and their newborns.
